Many regulatory processes of mammalian and bacterial cells are affected by the cyclic nucleotide, adenosine 3',5' monophosphate (cyclic AMP) (13) . It has been recently proposed that cellular systems in mammalian cells that are composed of antithetical events may be influenced by the opposing effects of cyclic AMP and cyclic guanosine 3',5'-monophosphate (GMP) (11) 
In Escherichia coli the level of cyclic AMP presumably regulates the synthesis of a number of inducible enzymes. It has been shown, however, that transient repression of the synthesis of j3-galactosidase was not associated with an abrupt decrease in the cellular concentration of cyclic AMP (4) , and it was suggested that the synthesis of another cyclic nucleotide, such as cyclic GMP, may be responsible for the effect. In in vitro experiments, cyclic GMP has been shown to compete with radioactive cyclic AMP binding to cyclic AMP receptor protein of E. coli (6, 22) , and to antagonize cyclic AMPmediated transcription of lac and gal operons (15, 22) . Cyclic GMP, however, was found to be without any effect on the transcription of operons with catabolite sensitive promoters in intact, growing E. coli cells (16, 17) .
In this communication we describe conditions under which cyclic GMP inhibits the synthesis of ,8-galactosidase and tryptophanase in growing cultures of E. coli.
The following E. coli strains were used: B, CA8000, CA7901, CA7910, and CA8224.1. The pertinent characteristics of the strains are given in Table 1 . The cells were grown in minimal medium supplemented with leucine, vitamin B1, and glucose, 0.25%, or glycerol, 0.5%. All cultures were grown at 37 C with agitation and were in exponential phase at a density of 3 x 108 cells/ml when used for the experiments.
We studied the effect of cyclic GMP on the synthesis of,-galactosidase and tryptophanase in cultures of E. coli B growing in minimal medium with glucose or glycerol as the carbon source. The differential rate of synthesis of ,-galactosidase and tryptophanase in the cells growing on glucose was less than one-half that in cultures growing on glycerol. Cyclic AMP greatly increased the differential rate of tryptophanase and,-galactosidase synthesis in the glucose-growing cells, but had no effect on the glycerol-growing cultures. In the presence of cyclic AMP, the differential rate of synthesis of both enzymes attained with both carbon sources was similar. These results agree with those of other authors (5, 14, 19) .
Addition of cyclic GMP to E. coli cultures growing on glucose or glycerol resulted in a drastic inhibition of enzyme synthesis. In the presence of 5 mM cyclic GMP, E. coli cells produced tryptophanase and ,-galactosidase at rates between 5 to 10% of those synthesized under completely derepressed conditions. The sensitivity of,-galactosidase and tryptophanase synthesis to cyclic GMP is illustrated in Fig. 1 and 2 .
Direct hybridization assay has been used to study the effect of cyclic GMP on the synthesis of lac messenger ribonucleic acid (mRNA) in intact E. coli. It can be seen from Table 1 that in uninduced cultures of E. coli, lac mRNA content of the cell constituted about 0.03 to 0.04% of the total pulse-labeled RNA. In glucose-growing cells, induced with isopropyl-f-Dthiogalactopyranoside in the presence or absence of cyclic AMP, the lac mRNA content of (20, 21) . The CA7901 and CA7910 mutants have very low levels of lac expression, about 3% of the parent strain. The CA8244.1 mutant that carries a pr mutation UV5 makes almost as much ,8-galactosidase as the parent strain CA8000. We examined these strains for their susceptibility to inhibition by cyclic GMP.
In the parental strain, the synthesis of sgalactosidase and tryptophanase was repressed by glucose 2.5-, and 3-fold, respectively. The synthesis of,-galactosidase in all the mutants used was insensitive to catabolite repression. The synthesis of tryptophanase was insensitive to catabolite repression in mutants which eliminated CAP protein activity, and was repressed in the CA8244.1 mutant, in which the effect of the mutation is restricted to the lac operon.
Cyclic AMP stimulated and cyclic GMP GMP acts through the mediation of CAP protein, probably by competing with cyclic AMP for a common site on the cyclic AMP receptor protein.
Both cyclic nucleotides show their greatest effect when used at 5 mM concentration. The failure to detect inhibitory effectof cyclic GMP in intact E. coli cells (16, 17) could be due to the fact that the authors were using cyclic GMP at suboptimal concentrations.
The difficulty of interpreting the effects of exogenous cyclic GMP stems from the fact that no data exist on the presence of cyclic GMP in bacteria, let alone on the relative changes in cyclic GMP concentration under conditions of repression and derepression. The only indication that cyclic GMP has been detected in bacteria is based on personal communication (12) .
We would like to interpret our results by assuming that cyclic GMP is present in bacteria and that it acts as an additional regulator element of the lac operon (and presumably of other operons with catabolite-sensitive promoters). Should this be the case, cyclic GMP would be the obvious candidate for the elusive effector of catabolite repression.
Evidence is needed to show that cyclic GMP is indeed an intracellular regulatory agent. Studies on the presence of cyclic GMP in E. coli and on relative changes in cyclic GMP concentration under different physiological conditions, as well as the isolation of mutants with properties of cyclic GMP deficient strains, should aid in elucidation of the physiological role of cyclic GMP in bacteria.
